The clinical utility of narrow-band chirp auditory brainstem responses : interrater reliability and threshold estimation by Kestens, Katrien et al.
The clinical utility of narrow-band chirp auditory brainstem responses:  
interrater reliability and threshold estimation 
Kestens K1, Van Yper LN1,2, Beynon AJ3, Dhooge IJM1  
 
1 Department of Otorhinolaryngology, Ghent University, Ghent, Belgium 
2 Department of Linguistics, Macquarie University, Sydney, Australia 
3 Radboud University Medical Centre, Donders Institute for Brain, Cognition and Behaviour Centre for Neuroscience, Department of Otorhinolaryngology, Head and Neck Surgery, Nijmegen, The Netherlands 
lindsey.vanyper@mq.edu.au 
16 University Avenue 
NSW, Sydney 
Australia 
References    
1 Ferm, I., & Lightfoot, G. (2015). Further comparisons of ABR response amplitudes, test time, and estimation of hearing threshold using frequency-specific chirp and tone pip stimuli in newborns: findings at 0.5 and 2 kHz. International Journal of Audiology , 54, 745-750. 
2 Ferm, I., Lightfoot, G., & Stevens, J. (2013). Further comparisons of ABR response amplitudes, test time, and estimation of hearing threshold using frequency specific chirp and tone pip stimuli in newborns. International Journal of Audiology , 52, 419-423. 
3 Rodrigues, G. R., Ramos, N., & Lewis, D. R. (2013). Comparing auditory brainstem responses (ABRs) to toneburst and narrow band CE-chirp in young infants. International Journal of Pediatric Otorhinolaryngology , 77, 1555-1560. 
4 Zirn, S., Louza, J., Reiman, V., Wittlinger, N., Hempel, J.-M., & Schuster, M. (2014). Comparison between ABR with click and narrow band chirp stimuli in children. International Journal of Pediatric Otorhinolaryngology , 78, 1352-1355. 
5 criteria of Landis and Koch (1977) were used to interpret the PABAK kappa test 
6 criteria of Ciccetti (1994) were used to interpret the ICC values 
 
 
Experiment 1: Inter-rater reliability 
 
Methods: 
•  ABRs were interpreted by two independent observers 
•  IRR was assessed for wave V absence/presence at maximal intensity, wave V 
latencies at maximal intensity, and threshold level 
•  IRR was calculated using the PABAK statistic and interclass-correlation (ICC): 
 
 
Results: 
 
 
 
 
 
 
 
 
 
 
 
* Not measurable because of absolute agreement 
Figure 3: Results of linear mixed model for each rater 
 
•  Significant main effect of frequency with larger differences between behavioural 
and objective thresholds for 0.5 kHz compared to all other frequencies.   
•  Significant main effect of stimulus type with smaller differences between 
behavioural and objective thresholds for NB chirps than TBs. 
Experiment 2: Threshold estimation 
 
Methods: 
To investigate whether behavioral thresholds can accurately be 
predicted from NB chirp ABR thresholds, simple linear regressions 
were performed with behavioral threshold as dependent (y) and NB 
chirp threshold as independent variable (x): 
 
 
Results: 
Experiment 3: NB chirp versus TB ABR 
 
Methods:  
To assess whether threshold estimation is more accurate using NB chirp than TB ABR, 
linear mixed models were performed with 'frequency’ and 'stimulus type’ as independent 
variables and the difference between objective and behavioral threshold as dependent 
variable  
 
Results: 
Background 
 
•  Auditory brainstem responses (ABRs) to tone-bursts (TBs) have 
traditionally been used to estimate the degree and configuration 
of hearing loss in infants. However, TB ABRs are often difficult to 
interpret due to their small amplitudes. Narrow-band (NB) chirps 
have been suggested to elicit more easily interpretable 
ABRs1,2,3,4.  
 
•  This study compares NB chirp and TB ABRs in terms of inter-
rater reliability and threshold estimation.  
General methods 
 
•  Twenty-three adults  
≤ 60 years 
•  ABRs were obtained 
to 0.5, 1, 2, and 4 kHz  
TBs and NB chirps 
•  Test ear and frequency 
were randomly selected 
Experiments 
Discussion and conclusions 
 
•  Experiment 1 revealed good IRR for the absence or presence of wave V at maximal intensity, wave V latencies at maximal intensity, and thresholds. 
This for both the TB and NB chirp ABR.  
•  Experiment 2 showed that behavioral thresholds can be estimated from the NB chirp for all frequencies, except 0.5 kHz, and that this estimation seems 
to be more accurate with increasing frequency.  
•  Experiment 3 shows that behavioural thresholds are better approached using NB-chirp than TB ABR. 
•  In summary, NB chirp ABR appears to be a promising technique for threshold estimation, at least for frequencies above 0.5 kHz. 
Stimulus Absence/presence Wave V latency Threshold level 
n PABAK n ICC n ICC 
0.5 kHz TB 8 * 8 1.00 8 0.99 
0.5 kHz chirp 8 *  8 1.00 8 0.73 
1 kHz TB 13 0.85 12 0.91 13 0.84 
1 kHz chirp 13 0.85 12 0.99 13 0.91 
2 kHz TB 11 0.82 10 1.00 11 0.90 
2 kHz chirp 11 0.82 10 1.00 11 0.92 
4 kHz TB 13 0.85 8 0.99 13 0.96 
4 kHz chirp 13 0.70 10 1.00 13 0.98 
Figure 1: Pure-tone air-
conduction thresholds of 
the tested ABR-ear for 
each participant (grey 
curves). The black curve 
is the mean threshold.  
Figure 2: Scatter plots for each rater  
 
•  No significant b0 and b1 was found for 0.5 kHz.  
•  B0 absolute value for rater 1 decreases with increasing 
frequency. No significant b0 was found for rater 2. 
•  B1 for rater 2 increases with increasing frequency.  
•  For both raters, R2 increases and 95% confidence intervals 
decrease with increasing frequency. 
PABAK ICC 
Value Degree of agreement5 Value  Degree of agreement6 
≤ 0.20 slight ≤ 0.39 poor 
0.21-0.40 fair 0.40-0.59 fair 
0.41-0.60 moderate 0.60-0.74 good 
0.61-0.80 substantial 0.75-1.00 excellent 
0.81-1.00 almost perfect 
Rater 1   Rater 2   
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R2 = 0.84  
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